The adsorption of crystal violet dye (CV) onto magnetic alginate composite (MAlg) from aqueous solutions was studied. Experiments were carried out as function of contact time, dosage, temperature, pH and CV concentration in the solutions. Optimum CV uptake was observed at equilibrium pH 7 and most of the CV was sorbed within 30 min. The equilibrium adsorption data were analyzed using two common adsorption models: Langmuir and 
Introduction
Synthetic dyes are extensively used in paper, textile, food, and pharmaceutical industries.
About 40,000-50,000 tons of dyes are continuously entering the water systems due to improper processing and dying methods from these industries [1] . Many of the dyes are extremely toxic. Among various dyes, Crystal violet (CV), a synthetic basic cationic dye imparts violet color in aqueous solution. The cationic dyes are more toxic than the anionic dyes [2] as these can easily interact with negatively charged cells membrane surfaces, and can enter into cells and concentrate in cytoplasm [3] . CV is a typical triphenylmethane dye, which is widely used in textile dyeing industries, as a biological stain, dermatological agent, veterinary medicine, additive to poultry feed to inhibit propagation of harmful bacteria [4] .
CV is toxic to mammalian cells and also a mutagen, mitotic poison [5] and a proven potent carcinogen [6] . It is responsible for moderate eye irritation, causing painful sensitization to light. It can cause permanent injury to the cornea and conjunctiva [7] . Inhalation of CV may cause irritation to the respiratory tracks, vomiting, diarrhea, pain, headache, and dizziness.
Long term exposure may cause damage to the mucous membrane and gastrointestinal tract [8] . It is also extensively used in textile dying and paper printing. It is a mutagen and mitotic poison. Various treatment technologies like adsorption [9] [10] [11] [12] [13] , photo degradation [14] [15] [16] [17] [18] , coagulation flocculation [19] , chemical oxidation [20, 21] , electrochemical oxidation [22] , biological process [23] etc. are available for the removal of dye from the wastewater. Among these approaches, adsorption is regarded as an easy, economic and desirable process due to its high efficiency and ability to separate wide range of pollutants from industrial effluents [24] Alginate is one of the most extensively investigated biopolymers for removal of pollutants from aqueous solution as it is inexpensive, non-toxic and efficient. It is a natural poly saccharide extracted from brown sea weeds. Alginate is a very efficient sorbent for metal ions, However, the main drawback of its use as adsorbent is the weak mechanical strength and subsequently its weak ability for repeated use [25] . To solve this problem researcher incorporated sodium alginate in nanocomposite hydrogels [26] . The encapsulation of magnetite particles onto alginate beads is a promising solution to overcome this problem. The incorporation of magnetite within an alginate matrix improves its mechanical strength and regeneration ability. Moreover, magnetic nanoparticles can be present as a stable suspension that will not aggregate, thereby allowing uniform distribution in a reaction mixture. Within this framework, the present work focuses on the development of adsorbent combining magnetite within an alginate matrix and investigation of its performance in the removal of D r a f t 3 crystal violet dye from aqueous solution. Here the equilibrium and kinetic behavior of CV adsorption were investigated onto magnetic alginate composite. Effects of different parameters such as pH, dye concentration, contact time, temperature, adsorbent dose on both equilibrium and the rate of adsorption were studied. Isotherms were fitted to the Langmuir, Freundlich, Dubinin-Radushkevich and Temkin models to qualify and quantify sorption sites and evaluate the mobilisation process. The batch contact time method was used to measure the adsorption rate. Kinetic parameters were then evaluated. The adsorbent was tested for its possible ability towards repeated use. The results obtained here will be useful in further applications of MAlg composite in color removal from wastewater.
Materials and methods

Chemicals and reagents
All materials were commercial reagent grade and used as received without further purification. The reagents used for the preparation of MAlg were FeSO 4 .2H 2 O (Aldrich), 
Characterization of MAlg
The structure of the synthesized MAlg was examined by X-ray diffraction measurement (XRD) is recorded on X-ray diffract meter in the range of diffraction angle 2θ=5-80 o . This analysis is carried out using CuKα1 radiation (λ=1.540598 Å). The applied voltage and the tube current are 40 KV and 30 mA, respectively. The diffraction peaks are indexed and the lattice parameters are determined with the aid of CRYSFIRE computer program [27] . In order to confirm the structure of magnetic alginate composite were examined in dried KBr powder by recording the infrared spectra over the range of 4000-400 cm −1 using a Fourier transform infrared (FTIR) spectrophotometer (Jasco FTIR-4100 spectrophotometer). Thermal analysis of the risen are carried out using a Shimadzu thermo gravimetric analyzer under nitrogen atmosphere with heating rates of 10-15 °C/min over a temperature range from room temperature up to 1073 K. Scanning Electron Microscope (SEM) are carried out using JEOL JSM 6510 lv. were mixed with 50 mg of sorbent (dried weight) for 2 h, and the stirring speed was maintained at 150 rpm using a reciprocal agitator, Rota bit, J.P. Selecta (Spain). The pH values were adjusted by addition of 0.1, 0.01 N HCl and 0.1, 0.01 N NaOH solutions and measured by using a pH meter (Aqualytic AL15). Samples were collected and filtrated through magnetic separation and the filtrate was analyzed for residual CV concentration using Perkin-Elmer AA800 spectrophotometer (Model AAS) at wavelength of 590 nm. The pH was not controlled during the sorption but the final pH was systematically recorded. 
Sorption experiments
Where C 0 and C e is the initial and equilibrium concentration of metal ion in solution (M), respectively, V is the volume of solution (L) and m the mass of sorbent (g).
For uptake kinetics 300 mg of sorbent were mixed with 150 mL of CV solutions (C 0 : 2x10 −4 M) at pH 7. Samples (1 mL) were collected (the sorbent being magnetically separated) at fixed times and the residual concentrations were determined by UV-VIS spectrophotometer.
The agitation speed was set at 150 rpm while the temperature was maintained at 298 ± 1 K.
The sorbed amount of CV per unit weight of the sorbent at time t (q(t), mmol CV g −1 ), was calculated from the mass balance equation (taking into account the decrement in the volume of the solution) according: Intensity (counts) from C−C−H and C−O−H deformations [29] . However, all of the absorption peaks confirm the coating of alginate onto the surface of magnetite (Fe 3 O 4 ).
XRD analysis
The XRD pattern of the Fe 3 O 4 is shown in Figure 1 . The XRD spectra showed six diffraction peaks of (220), (311), (400), (422), (511), and (440), which confirm the formation of AlgFe 3 O 4 . These data revealed that the magnetite have inverse type spinel structure [30] . The XRD patterns of Alg-Fe 3 O 4 show an amorphous feature by the presence of low intensity broad peak at 2θ range of 10-20 o , which can be attributed to the amorphous shell of alginate on the surface of Alg-Fe 3 O 4 [31, 32] . The averaged crystal size was estimated through full width at half maximum (FWHM) of the strongest reflection of the XRD pattern, using the Scherrer (Eq.1) [33] :
where k is the shape function (a value of 0.89 is used), λ is the X-ray wave length of the radiation, β is the full width at half maximum (FWHM) in radians of (311) peak in the 2θ scale, and θ is the diffraction angle. According to Scherrer equation, the averaged crystal size was calculated to be about 11.1 nm. D r a f t
Morphology study
Scanning electron microscope is useful for determining the particle shape and appropriate size of the adsorbent. In addition, it is important tool for characterizing the surface morphology and fundamental physical properties of the adsorbent surface. Figure 2 shows the SEM analyses of the sorbent before and after CV adsorption. The SEM micrographs of the unloaded MAlg show irregular particles shape with a smooth surface, however, after CV adsorption, the surface of the adsorbent become smoother due to surface covering with dye molecules.
TGA analysis
TGA experiments were performed by heating 
Adsorption analysis
Effect of pH on the uptake
The pH value of the dye solution is an important factor for determination of the dye adsorption [34] . This effect can be associated to sorbat speciation, to chemical properties of the adsorbent.
The effect of the pH on the adsorption capacity of CV sorption by MAlg was studied over the initial pH (pH i ) range from (2−9). The results are shown in Figure 3a . The results suggested D r a f t that the adsorption capacity of CV on MAlg particles was pH dependent and that maximum CV removal was obtained equilibrium pH (pH eq ) 7 (Equivalent to pH i 7-9). Electrostatic interaction could play an important role on CV adsorption onto MAlg particles at various pH values. At basic medium, most of the carboxylic and hydroxyl groups in alginates are ionized and interacted with the cationic CV dye molecules via the strong electrostatic interaction, which is favorable to increase the CV absorption. Moreover, the negatively charged carboxylate groups present in alginate in basic conditions generate the electrostatic repulsion among the polymer chains. Therefore, the volume expansion in the polymer network can enhance the adsorption of cationic CV dyes due to increase in the amount of penetrating CV solution into the alginate structure [35] . In contrast, the relatively weaker CV adsorption under acidic conditions can be attributed to partial protonation of carboxylic groups (carboxylic/carboxylate ratio) of the alginate. Although the pK a value of the carboxyl groups of alginate range between 3.4 and 4.4 [36] , a appreciable uptake for CV dye at acidic conditions was observed, this may be due to presence of magnetic core in the sorbent which may have additional sorption sites for CV dye. Some other researchers reported appreciable uptake for CV dye in acidic conditions [37, 38] . Figure 3b shows the plot of equilibrium pH versus initial pH. For experiments performed at pH i <7.0, the equilibrium pH (pH eq ) tended to increase, probably due to the sorption of protons alongside CV molecule onto the adsorbent surface. In contrast, the adsorption at higher pH (pH i >7.0) caused a pH decrease: the removal of alkaline crystal violet molecule might be leads to the increase of the solution pH.
Adsorption kinetics
The uptake kinetics of CV using the MAlg sorbent is shown in Figure 4 . The kinetic profile is characterized by two phases in the uptake: (a) a first initial step that lasts for about 10 min gradient and by the resistance to intraparticle diffusion and requires much longer time for reaching the equilibrium (i.e., about 90 min).
Actually the binding kinetics is controlled by a series of mechanisms including: (a) the bulk diffusion, (b) the resistance to film diffusion (or external diffusion), (c) the resistance to intraparticle diffusion, and (d) the proper reaction rate (chemical reaction rate) [39] . Usually a sufficient agitation allows neglecting the resistance to bulk diffusion and minimizes the resistance to film diffusion whose contribution in the control of uptake kinetics is mainly significant within the first minutes of contact. Experimental data have been modeled using simplified conventional equations to fit kinetic profiles and make possible the comparison of kinetic parameters for the two sorbents. Hence, the kinetics of CV sorption on the MAlg sorbent was analyzed using the pseudo-first order rate equation (PFORE) [40] , the pseudosecond order rate equation (PSORE) [41] , the simplified resistance to intraparticle diffusion equation [42] and the Elovich equation [43] . These models and their linear forms are reported in 
where Q exp and Q cal represent the experimental Q and calculated Q from the models, respectively. The best models for describing the kinetic data can be selected if R 2 is equal to or near 1 and χ 2 is as small as possible. Table 1 However, the PSORE describes kinetics data through a global approach, and does not take into account the contribution of diffusion mechanisms in the control of the kinetics. Under these conditions, the kinetic parameters should be considered as apparent rate coefficients.
The influence of resistance to intraparticle diffusion has been approached using a simplified model: the so-called Weber and Morris plot (See Table 1 ). The intraparticle diffusion model provides a more comprehensive approach for defining of adsorption mechanism, and the plot generally allows identifying different successive steps in the global process [42] . The Weber desorption. The low value of intraparticle rate constant (K i ) appearing in Table 1 indicates that the adsorbent is significantly affected by the resistance to intraparticle diffusion.
The Elovich equation was developed for modeling chemisorption processes [43] . Table SM1 ( . This value is compatible with the levels cited in our previous work [44] . This is another confirmation of the high affinity of the resin for CV cations.
Adsorption isotherm
The adsorption isotherms reveal the specific relation between the concentration of adsorbate and the adsorption capacity of an adsorbent at a constant temperature [45] . Adsorption isotherms provide some information on how an adsorption system proceeds, and indicate how molecules of adsorbate interact with adsorbent [45] . The Langmuir [46] , Freundlich [47] , Dubinin−Radushkevich (DR) [48] , and Temkin [49] isotherm models were used to explain the sorption of CV on the MAlg sorbent. The linear and nonlinear forms of the isotherm models are shown in Table SM2 (see Supplementary Material Section), and their parameters are shown in Table 2 Table SM2 (see Supplementary Material Section).
This isotherm was developed taking into account the effect of the porous structure of the sorbent, and the energy involved in the sorption process. The Polanyi potential ( ε ) given as Eq. (6) [48]:
R is the universal gas constant (8.314 J mol
) and T is the absolute temperature (K). The slope of the plot of lnq eq vs. (7):
The results of D-R isotherm are reported in Table 2 . The value of the mean energy of sorption is 9.905 kJ mol −1 : this is consistent with the proposed mechanism of chemisorption.
Indeed, it is generally admitted that 6 kJ mol −1 is the limit energy for distinguishing physical In industries and water purification plants the optimum temperature at which the adsorption is highly feasible and spontaneous is essential. The adsorption of dyes onto adsorbent surfaces may be either spontaneous or non-spontaneous in function of temperature. The limit temperature value corresponding to a null value of standard free energy can thus be deduced from Eq. 12. The range of temperature can be predicted from the value of temperature at which the standard free energy is zero (T 0 ), and then the minimal temperature for the process to being spontaneous. 
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Effect of adsorbent dosage
The adsorption of CV on the MAlg sorbent was studied by changing the quantity of 
Adsorbent regeneration
Regeneration of the sorbent were performed by placing 0.5 g of composite in the flask and then washed carefully by flowing alkaline solution (0.001 M NaOH) then distilled water. The composite loaded by CV was then subjected for regeneration using 0.01 M HCl. After regeneration the composite was again carefully washed with distilled water to become ready D r a f t 23 for the second run of uptake. The regeneration efficiency for each adsorption/desorption cycle was found to be 98.6, 69.6, 94.5%. This indicates that composite has good performance for repeated use up to at least 3 cycles.
In order to identify adsorbent stability in acidic solution (Partial magnetite leaching), the concentration of Iron in the eluent solution (HCl) was analyzed by spectrophotometry (Hach DR/5000) for total iron concentration (adapted from standard Methods for the Examination of Water and Wastewater). The release of Iron from the adsorbent was negligible at pH close to 1.7; the fraction of iron leached from the sorbent did not exceed 0.2 %. 
Comparison of adsorption of CV dye with various sorbents
Conclusion
Magnetite alginate as a magnetic adsorbent for the removal of crystal violet from aqueous solutions, were successfully prepared by in situ co-precipitation method and characterized via FTIR, SEM, XRD and TGA. This adsorbent exhibited high adsorption capacity towards CV.
The maximum monolayer adsorption capacities are 0.092 mmol g −1 at pH 7 and 298 K. The nature of interaction between the dye cations and the adsorbent was found to be dependent upon the Alkalinity of the medium. The adsorption process carries out by cation exchange mechanism; however the adsorbent maintained a significant adsorption capacity at alkaline 
